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Abstract: Since language is used for thinking and expressing habits of humans in real life, 
the linguistic evaluation for an objective thing is expressed easily in linguistic terms/values. However, 
existing linguistic concepts cannot describe linguistic arguments regarding an evaluated object in 
two-dimensional universal sets (TDUSs). To describe linguistic neutrosophic arguments in decision 
making problems regarding TDUSs, this study proposes a Q-linguistic neutrosophic variable set 
(Q-LNVS) for the first time, which depicts its truth, indeterminacy, and falsity linguistic values 
independently corresponding to TDUSs, and vector similarity measures of Q-LNVSs. Thereafter, 
a linguistic neutrosophic multi-attribute decision-making (MADM) approach by using the presented 
similarity measures, including the cosine, Dice, and Jaccard measures, is developed under Q-linguistic 
neutrosophic setting. Lastly, the applicability and effectiveness of the presented MADM approach is 
presented by an illustrative example under Q-linguistic neutrosophic setting. 


Keywords: Q-linguistic neutrosophic variable set; vector similarity measure; cosine measure; 
Dice measure; Jaccard measure; decision making 


1. Introduction 


Since language is used for thinking and expressing habits of humans in real life, the linguistic 
evaluation for an objective thing is expressed easily in linguistic terms /values [1]. Hence, they were 
applied to linguistic fuzzy reason [1] and linguistic decision-making (DM) problems [2-9]. Because of 
linguistic uncertainty and hesitancy in the linguistic evaluation for an objective thing, there exist the 
representations of interval/uncertain linguistic numbers or hesitant linguistic numbers. Hence, on the 
one hand, interval/uncertain linguistic numbers were proposed and applied to (group) DM problems 
in uncertain linguistic setting [10-14]. On the other hand, hesitant linguistic variables (LVs) and hesitant 
uncertain LVs were presented and applied in (group) DM problems in hesitant (uncertain) linguistic 
setting [15-19]. In addition, a linguistic cubic variable was put forward based on combining an interval 
LV with a unique LV and used for DM problems in linguistic cubic setting [20,21]. Further, a linguistic 
cubic hesitant fuzzy number/variable was presented to depict the hybrid information of its uncertain 
linguistic argument and its hesitant linguistic argument and utilized for DM problems in linguistic 
cubic hesitant fuzzy setting [22]. By combining a neutrosophic number with language, a neutrosophic 
linguistic number and some weighted aggregation operators of neutrosophic linguistic numbers [23] 
were introduced for neutrosophic linguistic number DM problems, and then the similarity measure 
and expected value of hesitant neutrosophic linguistic numbers [24] were further presented for DM 
problems with hesitant neutrosophic linguistic numbers. 
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In real life environments, the truth, indeterminacy, and falsity linguistic arguments regarding an 
objective thing are presented in a human’s thinking and expressing process and linguistic neutrosophic 
variables /numbers (LNVs) were presented to depict truth, falsity, and indeterminacy linguistic degrees 
independently [25]. Then, some aggregation operators of LNVs [25,26], cosine measures of LNVs [27], 
and correlation coefficients of LNVs [28] were proposed, respectively, for DM problems in LNV setting. 
Regarding the combination of a neutrosophic linguistic number and an LNYV, linguistic neutrosophic 
uncertain numbers and their weighted aggregation operators were presented for DM in uncertain 
linguistic setting [29]. By the hybrid form of an interval LV (an uncertain linguistic argument) and a 
single-valued LNV (an argument of confident degree), single-valued linguistic neutrosophic interval 
LVs, and their weighted aggregation operators were proposed for DM along with uncertain /interval 
linguistic arguments and their linguistic neutrosophic confident degrees [30]. Regarding hesitant 
LNV environment, similarity measures between hesitant LNVs were presented by the least common 
multiple cardinality and applied to hesitant linguistic neutrosophic DM problems [31]. By the hybrid 
form of LNV [25] and linguistic cubic numbers [20], linguistic neutrosophic cubic numbers and their 
aggregation operators were introduced for linguistic neutrosophic cubic DM problems [32,33]. 

However, the various linguistic concepts are all described in a unique universal set, and then in 
some decision situations there exist the assessment problems of alternatives over two-dimensional 
universal sets (TDUSs). For example, suppose a person would like to purchase a house in a group 
of four houses (a set of four alternatives H = {H;, Ho, H3, H4}). In his/her attractive evaluation 
of houses, the price (x1), environment (x2), and traffic (x3) of the four houses are considered as a 
universal set X = {x1, X2, x3}, and selecting two cities c, and cz are considered as another universal set 
C = {cy, C2}. Obviously, the above various linguistic arguments cannot represent such an assessment 
problem for each alternative Aj (j = 1, 2, 3, 4) over the TDUSs X = {x1, x2, x3} and C = {c1, co} in 
linguistic DM setting. Then, a Q-neutrosophic set and a Q-neutrosophic soft set were put forward 
regarding TDUSs and applied to Q-neutrosophic soft DM problems [34]. Although they can express 
and handle the assessment problems with TDUSs in neutrosophic DM environments, they cannot 
carry out linguistic neutrosophic DM problems over TDUSs. To solve this problem, this study presents 
a Q-linguistic neutrosophic variable set (Q-LNVS) for the first time to express the linguistic evaluation 
problems of the truth, falsity, and indeterminacy over TDUSs from the predefined linguistic term set 
(LTS). It then puts forward the vector similarity measures of Q-LNVSs, including the cosine, Dice, 
and Jaccard measures of Q-LNVSs, and then establishes a multi-attribute DM approach of Q-LNVSs 
by the vector similarity measures of Q-LNVs to solve linguistic neutrosophic DM problems along 
with TDUSs. It is obvious that the proposed DM approach shows the advantage of carrying out the 
linguistic neutrosophic DM problems regarding TDUSs, which existing linguistic neutrosophic DM 
approaches [25—28] and Q-linguistic neutrosophic soft DM approaches [34] cannot solve. 

The framework of this study is organized below. The second section proposes Q-LNVSs and 
vector similarity measures between Q-LNVSs, including the cosine, Dice, and Jaccard measures of 
Q-LNVSs. The third section develops a multi-attribute DM approach of Q-LNVSs by using the vector 
similarity measures in Q-linguistic neutrosophic setting. An illustrative example and its sensitivity 
analysis to weights are presented in the fourth section. The last section contains conclusions and 
future study. 


2. Vector Similarity Measures of Q-LNVSs 


First, we present the concept of Q-LNVS to depict a linguistic neutrosophic evaluation problem 
by the truth, falsity, and indeterminacy linguistic arguments over TDUSs in linguistic setting. 
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Definition 1. Set X = {x1,x2,...,XnJ and Q = {q1, q2,..., 9m} as TDUSs and let LTS be S = {s;|1 € [0, gI}, 
where g + 1 is an odd cardinality. Then a Q-LNVS L in X and Q is defined by the following form: 


= ((xir qj), St (Xin Gj) u(Xi Qj), $0(Xi, Gj) Ne eX, 4j EQ, 
St (ir 4j), 8i(Xi,9;),8¢(Xi9j) © Sf =1,2,...,mj;i =1,2,...,n 


where s¢(x;, qj), Su(Xi, qj), Sv(xi,q;) are the truth, indeterminacy, and falsity LVs, respectively, in TDUSs for t, 
u,v € [0, gl. 


Then, the basic linguistic element ((x;, qj), 8+(Xi,9j), Su(%i-9j),$0(%i,4;)) in L is simply denoted by 
Lis = ( (Xj, 9;), St;-7 Suz, $v,, ), Which is called a Q-linguistic neutrosophic element (Q-LNE). 
J qj ij ij ij & Pp 


Example 1. Suppose a person would like to buy a house from a city. There is a set of two potential houses 
H={Ly, L} in two cities. Then, set their price (x1), environment (x2), and traffic (x3) as a universal set 
= {x1, X2,x3} and set the two cities as another universal set Q = {q1, q2}. Based on the predefined LTS 
= {sq = extremely low, s; = very low, s7 = low, 53 = slightly low, sg = medium, s5 = slightly high, s¢ = high, 
s7 = very high, sz = extremely high}, the two Q-LNE sets obtained from S are given as follows: 


Ly = {<(X1, 91), 86, $1, $2>, <(X1, 92), $5, 82, 83>, <(X2, 41), 84, $3, 82>, <(X2, 42), 87, 81, $3>, 
<(x3, qu), 86,82, 81>, <(x3, 92), 56, $1, S7>), 


Ly = {<(X1, 91), $3, $4, 85>, <(X1, 42), $4, 82, 81>, <(X2, 41), 84, $2, 82>, <(X2, 42), 85, 81, $2>, 
<(x3, 91), 85, 82, 81>, <(X3, 92), 86, $3, S2>}. 


In the following, we give the vector similarity measures between Q-LNVSs, including the cosine, 
Dice, and Jaccard measures of Q-LNVSs. 


Definition 2. Let TDUSs be X = {x1,x2,..., Xn} and Q={q1,q42,..- ,qp} and let Ii = ((3it)-54 8/50} ) 
ij ij ij 
and FF = (tu aaa ) G=1,2,...,p;i=1, 2,...,n) be two groups of Q-LNEs in two Q-LNVSs 


Ly and Lp regarding the LTS S = {s;|1 € [0, g]}. Then, the cosine, Dice, and Jaccard measures of the Q-LNVSs 
L, and Lp are defined, respectively, as follows: 


C(Ly, L2) =s i att oe i (1) 
2 2 
yz 1 Dy Ue +(u} riage Poa OMC AMC 
D(Li, Lo) = 28h poe eae f (2) 
Pe 2 2 2 
rp DE Ue 0d PH Lye OL RY + +3) 
L;,L2) =s d 3 
J Me 2) 5 a a1 Le i f ri ( ) 
TP DI EY ed by HER, Ey BY +R) +R) ITP DL, iP tuk? toh) 


Obviously, the above cosine, Dice, and Jaccard measures satisfy the following properties: 
(1) so S C(L1, Lz), D(L1, La), J(L1, Le) < 8¢; 
(2) C(Ly, Ly) = C(L2, Ly), D(L1, Lz) = D(L2, L1), J(Li, La) = J(L2, Ly); 
(3) C(L1, Lp) = D(L, Lp) = J(i, Lp) = Sg if and only if Ly = Ly. 


When the importance of elements x; (i = 1, 2, ..., 1) and 9j (Gj = 1, 2,..., p) is taken into 
account, the weight vectors corresponding to X = {x1, x2,... , Xn} and Q = {9q1, 42, ... , qp} are given 
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as wW = {W1, W2,... , Wn} and w = {wj, W2, ... , Wp}, respectively. Thus, the weighted cosine, Dice, and 
Jaccard measures of L; and Ly can be presented, respectively, as follows: 


Cyw(L1, Lo) = s p 124 Ted 8 4 
( d ) sbj=1 oi PACER LIBRA) , ( ) 
2 2 2 ; 2 2 2 
rh oh, wile) +(ui) +(0}) }x [oh abe 5 w,l(2) +h) +(07)'] 
Dy(L1,L2) = s p seve a rae) 5 
( i ) 28E ja OL 0 (OF tig MPG tif?) , ( ) 
2 2 2 2 2 2 
TP, wT, wl(th) +(uh) +(}) Hop fy wR) +BY +02) 
Ly, Lo) =s 6 
w\H1, 42 P sv dares Wey eres be . 
J ( , ) 8Yj=1 oe iy (te Mj (05 +0707) ( ) 
2 2 2 : 2 2 2 
rey oxy w{(¢i;) +(u}i) +(2}) Op wy w,{() +(uf) +(%}) Fay weit ww, (tty tj 07 +007) 


Example 2. Let us consider two Q-LNE sets Ly = {<(x1, 41), 86, $1, 82>, <(X1, 92), 85, $2, 83>, <(X2, 91), $4, $3, 
82>, <(X2, 42), $7, 81, 83>, <(X3, 41), 86, $2, $1>, <(X3, 42), 86, $1, $1>} and Lo = {<(x1, qx), $3, $4, $5>, <(X1, 2), 
$4, $2, $1>, <(X2, 41), $4, $2, 82>, <(X2, 42), 85, $1, $2>, <(X3, 41), $5, $2, $1>, <(X3, 92), 86, $3, 82>} in the LTS 
S ={so, $1, $2,... , Sg} with g = 8 and the TDUSs X = {x1, X2, x3} and Q = {q1, qa}. Suppose the weight vectors 
for X = {x 1, X2, x3} and Q = {q1, qo} are given as w = (0.4, 0.25, 0.35) and w = (0.4, 0.6), respectively. Then, 
we compute the measure values of Cw(L1, L2), Dw(L1, Lz), Jw(L1, L2). 


By using Equations (4)-(6), their calculational processes are shown as follows: 


Cyw(Ly, Lz) = s 2 S Mes (hei aeaa sd 
w( ly 2) Sj OE Oi HP TEA 


YEP ERy wll +d sly) [EF wi EF wl HOR) +03" 
35 af 0-4[0.4(6 x 3+1x 442 x5) +0.25(4 x 443x242 x 2) +0.35(6 x 542% 2+1%1)]+ 
ee 2x 24+3x1)4+0.25(7 x5 +1143 2) +0.35(6x 6+1x3+4+1x2)] 
| { 0.4[0.4(62 + 12 + 22) + 0.25(42 + 32 + 22) + 0.35(62 + 22 + 12)]4 l, | 0.4[0.42(32 + 42 + 52) + 0.25(42 + 22 + 22) +.0.35(52 + 22 + 12)]+ | 
\ | 0.6[0.4(5? + 2? + 3?) + 0.25(7? + 1? +3?) +.0.35(67 +12 +17)}  § \ { 0.6[0.4?(4? + 2? + 17) + 0.25(5? + 17 + 27) + 0.35(67 + 3°-+27)] J 


= 87.0913, 


Dy(L1,L2) = s 2 3 iP d Divot 32 
( ly ) 28FFa1 OFF w,; GrETAar TAAL 
a wThy wi ((H) + (uh. 


Peo THEP OP wil(B + 62) +002) 


0.4[0.4(6 x 34+1x4+2x5)+0.25(4x 443x242 x 2)+0.35(6x54+2x2+4+1x1)] 

0.6[0.4(5 x 442x243 x1) +0.25(7x5+1x 143 x 2)+0.35(6 x 6+1x3+1x 2)] 

0.4[0.4(62 + 12 + 27) + 0.25(42 + 34 + 27) + 0.35(6* + 2? + 17)]4 0.4(0.4(3* + 42 + 5) + 0.25(42 + 2? + 2? 
0.6[0.4(5? + 2? +. 3?) + 0.25(77 + 12 + 37) +0.35(6? + 17 + 17)] \.f 

= $7.07771 


2x8 


) +.0.35(57 + 24 + 14))+ 
0.6[0.42(47 + 27 + 17) +. 0.25(5? + 17 + 27) + 0.35(6? + 3? + 27)] 


Ly,L =Ss 
w 2 2 3 iy lary Res arty ev 
Ji ( 1, ) 9) jal wo} a 0 (it ea Pea 


: : 2 Z Die : 
U2 wYP 10; (4) +(u}) +(}) HOR ER 


2 pare x 
w,{(%) +(uZ) +(}) IDR o Tha wo, (Ha buhog oye) 


= | 0.4[0.4(6 x 341x442 x5) +0.25(4x44+3x24+2x2)+0.35(6x54+2x2+4+1x1)J+ | 
0.6[(0.4(5 x 442 x 243x1)+0.25(7x 541x143 x2) +0.35(6 x 6+1x3+41x2)] 
0.4[0.4(62 + 12 + 22) +.0.25(42 + 32 + 22) + 0.35(62 + 2? + 12)}4 
0.6[0.4(52 + 22 + 32) + 0.25(72 + 12 + 32) + 0.35(6? + 12 + 12) 
0.4[0.42(32 + 42 + 52) + 0.25(42 + 22 + 22) +.0.35(5? + 2? + 12)]+ 
0.6[0.47(47 + 27 + 17) + 0.25(57 + 17 + 27) + 0.35(67 +37 + 27)] 
0.4[0.4(6 x 341x442 x5) +0.25(4x 443x242 x 2) +0.35(6x54+2x2+4+1x1)J+ 


0.6[0.4(5 x 4+2x2+3x1)+0.25(7x5+1x1+3 x 2)+0.35(6x6+1x3+4+1x 2)| 


= §6,34607 
Obviously, the above vector measure values still belong to the LTS S. 
3. DM Approach Based on the Vector Similarity Measures 


This section proposes a Q-linguistic neutrosophic multi-attribute DM approach based on the Dice, 
cosine, and Jaccard measures (the three vector measures) of Q-LNVSs in Q-LNVS setting. 
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Suppose there is a multi-attribute DM problem, in which L = {L;, Ly, ... , Lm} is denoted by a set 
of m alternatives. Then, TDUSs (two kinds of attribute sets) are specified as X = {x1,X2,...,Xn} 
and Q= {q41,42,.--, 4p}, respectively, and then their corresponding weigh vectors are given as 
W = (W}, W2, ..-, Wn) and w = (W1, W2, ..., Wp). Whereas, a decision maker is required to assess the 
alternatives L; (k = 1, 2, ..., m) on the attributes x; (i = 1, 2,..., ) and qj Gj = 1, 2,..., p) by 
Q-LNEs regarding the given LTS S = {s;1/ € [0, g]} with the odd cardinality g + 1. In the assessment 
process, the decision maker gives the truth, falsity, and indeterminacy linguistic values for x; and 
qj on an alternative L; by corresponding linguistic terms in S, which are constructed as a Q-LNE 
Ik — ( (ing) ae a 4) Gj=1,2,...,p;i=1,2,...,n;k=1,2,...,m). Hence, all the Q-LNEs 
provided by the decision maker can be composed of a decision matrix of Q-LNEs L = (1 ) 


mxngq 


Thus, the proposed DM method using the vector similarity measures of Q-LNVSs is applied to 
the multi-attribute DM problem with Q-LNVS information. Whereas, the DM steps are depicted in 
detail below: 


carat ——_ aie - ie : : : 
Step 1: Since li = (it 5pSy-8p) = (CGxigi)-max(sy )-min(s,. ),min(s ))) is an 


ideal Q-LNE as the best Q-LNE, we can establish the following ideal Q-LNVS: 


L* = { (Gv) See Sues sa) 
ij y 


Step 2: By applying Equations (4)-(6), the cosine/Dice/Jaccard measure between Lx (k = 1,2, ... , m) 


xj € X,qj € QhA 12... P= D2 Pia L2vornh, (7) 


and L’ is given by using the following formula: 


aE Ns 
ColLe, LY) = or ae ie Peep ; ®) 
[rh PL LY Hk HORT IP EEL w (CEP HR) +O8 | 
or 
aE x 
Dy (Ly, L )= axg0p_ 1 ore 1 aaa , (9) 
2. 2 2 
TP PE wR) Huy HRY Dy PDI WP)? + (uk)? + (0F)7] 
or 
* pe 
Jw (Ly, L )=s sj. =1 OLS 1%; (htt tuk ot tok ot) (10) 
EP wrt, wlth) + (uk ree oH wil (P+ (uh)? HE) | Ee ok w(t tuk ot +k ot) 


j=l jis 1 i i j=l i=l i ij pa Opin OU if i pip if ij 


Step 3: According to the linguistic values of the vector similarity measures, the alternatives are ranked 
and the best alternative L;« is chosen regarding the biggest linguistic value for X and Q. 

Step 4: Based on xj € X (j =1,2,...,p) org; € Q(i=1, 2, ...,n), we need to calculate the measure 
values between Ly« (x;,q;) and L* (xj,qj): 


C (Ly (ay qj), L* (Gs qj)) Te su 1 he tuk ot +0 Ug vx) for j = 1,2, a8 “+P, (11) 


i ip ij if ij 
Dia (ey ky CORY 1 OI OG Hag + COR) 


or 
C (Ly (Xi, qj), L* (xin qj) =s a bidet Kot) fori=1,2,...,n; (12) 
fea (ERC)? CORY DCP Cu)? COH?] 
. . * ry ‘a —— . ae 
D( be gp, LE" Gig) =s 2a (kt tut oof) for 254.5 9) 13) 


EI (OEY +k +R) HE (Hu 


FP + ORY | 
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or 
* = ;— : 
D (Lye (xi,9;),L* (x1,4;)) = oe Chetek token fori =1,2,...,n; (14) 
2 2 2 
re 1 (tk) +(uk) + (0! i) ] a (C ny (uf? (#7) 
* _ - 
J (Lee (xi, qj), L* (xi, 4))) = 8 SL, (hit ea ot sok ot forj=1,2,...,p, (15) 
DHL (Ey (uk) Ho) DI (eR)? Hk) +08), (tt tuk og tok of. 
or 
- Qe *(y. Gg: = ot 
J (Le (Xi, qj), L (xi, qj)) =s soe 1 (ith tubo toh ‘ip fori=1,2, ...,n. (16) 
EP (AE) tuk yo) HEP (OR) (ut) (oF 2 I-0h_, (Lat tuk ot +o ot 


Step 5: According to the linguistic values of C (Ly: (xj,qj), L*(xi,qj)) or D (Lee (xi,q;), L*(xi,qj)) or 
] (Lee (xi, i) L* (xg a) for X or Q (depending on some actual situation), we can determine the 
best one x;+ or qj* corresponding to the biggest linguistic value. 

Step 6: End. 


4. Illustrative Example and Sensitivity Analysis to Weights 


4.1. Illustrative Example 


Suppose a person would like to buy a house in one of two cities. There are four potential houses 
(alternatives) of Lx (k = 1, 2, 3, 4) in two cities. Then, set their price (x1), environment (x2), and traffic 
(x3) as a universal set X = {x1, X2, x3} and set the two cities as another universal set Q = {91, q2}. Thus, 
the Q-LNEs can indicate the influence of both the three attributes of houses and the two cities on 
his/her buying attractive degree of a house. Herewith, the two weigh vectors of X and Q are given 
as w = (0.4, 0.25, 0.35) and w = (0.4, 0.6), respectively. Whereas, the alternative L,; (k = 1, 2, 3, 4) are 
assessed over the TDUSs X = {x1, X2, x3} and Q = {q1, 2} from the given LTS S = {sg = extremely low, 
s1 = very low, 82 = low, 83 = slightly low, s4 = medium, s5 = slightly high, s¢ = high, s7 = very high, 
sg = extremely high} with g = 8. In the assessment process, the decision maker/buyer can give the 
truth, indeterminacy, and falsity values for x; and q; on an alternative Ly; by corresponding linguistic 


terms in S, and then establish Q-LNEs If — (ta qj)/s i 18k Sok : (j =1, 2;1=1,2, 3;k =1, 2, 3, 4), which 
Mj Fi 
are constructed as the DM matrix of Q-LNEs: 


Ly | ((x1,41),86,82,81) ((%1,92),87,$2,83) ((%2,41),$5,82,81) ((X2,q2),84,81,81) ((x3,41),85,82,82) ((X3,q2),87, $2, $2) 
pa b2 | ((%1,41)$681,82)  ((%1,42),87/81,81) (2/41), 8681/81) ((%2/ 42), 8581.82) (3/41), $6r81,83) (x3, 42), $7, 82/81) 
Lg | ((X1,41)/85/S2/83) ((X1, 42), 86/2/84) ((X2/41),S4/81,81) ((%2/42),$5/2/82) ((%3,41),$4,$2/82) ((%3, 42), $5, $2, 83) 

La | ((%1,491)/85/81/81)  ((%1,92)/86/53/85) ((%2/41), 85/83/83) ((%2,42),S6,$2/84) ((%3,41),$5/S1/81) (x3, awe) 


Thus, the proposed multi-attribute DM approach can be used for this Q-linguistic neutrosophic 
DM problem. The DM steps are depicted below: 
Firstly, we establish the ideal alternative from the DM matrix L by the ideal Q-LNE set: 


L* = {((%1, 91), 6784184) 1 ((%1, 92)s S77 84,81), ( (2,41) S67 84784) 1 ((%2/ 42) S67 847 81) ((X3, 41) 867 478) ((X3, 42) S77 89/81) } 


Then, by Equations (8)—(10), the measure results and ranking of the four alternatives are given in 
Table 1. 
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Table 1. Measure results and ranking of the four alternatives. 


Measure Method Measure Value between L; (k =1, 2,3, 4) and L” Ranking 
Cw (Lx, L*) 87.7472, $7.9088r 87.3465, 87.2437 Ly > Ly >L3 > Lg 
Dy (Ly, L*) 8774707 87.90871 §7.32077 87.2387 Ly > Ly >L3 >L4 
Jw(L, L*) 87.5095, $7.81941 56.7478, 86.6097 Ly > Ly >L3 >L4 


Based on Table 1, all the ranking orders are identical regarding the cosine, Dice, and Jaccard 
measures. Then, the best alternative is L>. 

Next, the measure values of Equations (11), (13), and (15) regarding Q, and the best city regarding 
Ly are given in Table 2. 


Table 2. Measure results regarding Q and the best city. 


Measure Method Measure Result The Best City 
C(L (xi, 41), L* (xi, 41)), C(L2 (xi, 42), L* (xi, 42)) 87,8409, $7,9457 q2 
D(L2(xj,41), L* (xj,91)), D (Lo (xi, 42), L* (xi, 42)) 87.8326, 87.9424 q2 
(Lo (xi,91), L* (xi, 91)), F(L2 (xi, 92), L* (xi, 42)) 87.6721, §7.8857 q2 


Lastly, the results based on Table 2 indicate that the buyer should buy the house Ly in the best city q2. 


4.2. Sensitivity Analysis to Weights 


To indicate the influence of the weights on ranking orders in the illustrative example, we consider 
that the two weigh vectors of X and Q are given as w = (1/3, 1/3, 1/3) and w = (1/2, 1/2), respectively, 
to analyze the sensitivity of the weights with respect to the ranking orders of the four alternatives. 
In this case, by Equations (8)-(10) the measure results and ranking of the four alternatives are indicated 
in Table 3. 


Table 3. Measure results and ranking of the four alternatives with w = (1/3, 1/3, 1/3) and w = (1/2, 1/2). 


Measure Method Measure Value between L, (k =1, 2,3, 4) and L* Ranking 
Cw (Ly, L*) 8774707 §7.89181 $7.38787 87.2922 Ly > Ly >L3 >L4 
Dy (Lx, L*) 87.7430, 87.89171 $7.34487 87.2892 Ly > Ly >L3 >L4 
Jw (Lx, L*) 87.5019, 87.7863 56.7888, 36.6944 Ly >L, >L3>Lq 


In this case, there exists the same ranking order in Tables 1 and 3 regarding the cosine, Dice, 
and Jaccard measures. Then, the best alternative is sill Lz, which means the buyer should also buy 
house Lz in the best city qz based on Table 2. It is obvious that all the ranking orders imply the decision 
robustness based on the cosine, Dice, and Jaccard measures regarding the change of weights in this 
illustrative example, which also show no sensitivity of all the ranking orders with respect to the change 
of the weights. In the actual DM applications, however, one of three vector measures can be selected 
by decision makers’ preference or actual requirements. 

However, existing various linguistic neutrosophic DM approaches [25-28] cannot handle the 
DM problems in Q-LNVS setting; while our proposed DM method can carry out both the existing 
DM problems with LNV information [25-28] and the DM problems with Q-LNVS information, which 
shows its advantage in Q-LNVS setting because the LNV set is a special case of Q-LNVS under a 
universal set. Furthermore, the existing Q-neutrosophic soft DM approach [34] cannot deal with the 
DM problems with Q-LNVS information because the Q-neutrosophic soft set [34] cannot express 
Q-linguistic neutrosophic information. Hence, our proposed Q-linguistic neutrosophic DM method 
provides a new way for linguistic neutrosophic DM with TDUSs. 
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5. Conclusions 


This study presented the concept of Q-LNVS for the first time to describe the truth, falsity, 
and indeterminacy linguistic arguments in TDUSs, and then the cosine, Dice, and Jaccard measures of 
Q-LNVSs in vector space. Next, a Q-linguistic neutrosophic multi-attribute DM approach in Q-LNVS 
setting was established by using the cosine, Dice, and Jaccard measures of Q-LNVSs to solve linguistic 
neutrosophic DM problems regarding TDUSs. Lastly, the application of the developed DM approach 
was given by an illustrative example in Q-LNVS setting. The decision results show that the established 
multi-attribute DM approach of Q-LNVSs can solve linguistic neutrosophic DM problems regarding 
TDUSs (two-dimensional attribute sets) in Q-LNVS setting, which indicates its main advantage and 
contribution. Based on the first study, the three vector measures of Q-LNVSs will be further used for 
medical diagnosis, data mining, and clustering analysis for future research in Q-LNVS setting. 
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